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(54) Ink jet ink set and printing method 

(57) A color ink jet ink set for color printing and ink 
jet printing method using the color ink jet ink set having: 
(a) a yellow ink having a carrier and a yellow dye; (b) a 
magenta ink having a carrier and a mixture of a water- 
soluble, magenta anthrapyridone dye and Reactive Red 
23, Reactive Red 24, Reactive Red 31 , Reactive Red 



1 20, Reactive Red 180. Reactive Red 241 f Acid Red 35, 
Acid Red 52, Acid Red 249, Acid Red 289, Acid Red 
388, Direct Red 227 or CAS No. 153204-88-7; and (c) 
a cyan ink having a carrier and a cyan dye. 
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Description 

[0001] This invention relates to an ink jet ink set for ink jet printing and a printing method using the ink jet ink set that 
uses an anthrapyridone dye mixture as a colorant in a magenta ink. 

[0002] Ink jet printing is a non-impact method for producing images by the deposition of ink droplets in a pixel-by- 
pixel manner to an image-recording element in response to digital signals. There are various methods which may be 
utilized to control the deposition of ink droplets on the image-recording element to yield the desired image. In one 
process, known as continuous inkjet, a continuous stream of droplets is charged and deflected in an imagewise manner 
onto the surface of the image-recording element, while unimaged droplets are caught and returned to an ink sump. In 
another process, known as drop-on-demand ink jet, individual ink droplets are projected as needed onto the image- 
recording element to form the desired image. Common methods of controlling the projection of ink droplets in drop- 
on-demand printing include piezoelectric transducers and thermal bubble formation. Ink jet printers have found broad 
applications across markets ranging from industrial labeling to short run printing to desktop document and pictorial 
imaging. 

*5 [0003] The inks used in the various ink jet printers can be classified as either dye-based or pigment-based. A dye is 
a colorant, which is dissolved in the carrier medium. A pigment is a colorant that is insoluble in the carrier medium, but 
is dispersed or suspended in the form of small particles, often stabilized against flocculation and settling by the use of 
dispersing agents. The carrier medium can be a liquid or a solid at room temperature in both cases. Commonly used 
carrier media include water, mixtures of water and organic co-solvents and high boiling organic solvents, such as 
20 hydrocarbons, esters, ketones, etc. 

[0004] The choice of a colorant in ink jet systems is critical to image quality. For colors such as cyan, magenta, yellow, 
green, orange, etc., the peak wavelength (A.-max), the width of the absorption curve and the absence of secondary 
absorptions are important. The colorant should also have a high degree of light fastness after printing onto the ink- 
receiving clement. For aqueous dye-based inks, the dye needs to be sufficiently soluble in water to prepare a solution 
that is capable of producing adequate density on the receiving element and stable for extended periods of storage 
without precipitation. High quality photorealistic ink jet printing with dye-based inks requires dyes which will provide 
both bright hue and good light stability. It is difficult to find dyes, particularly magenta dyes, which meet all of these 
requirements. 

[0005] Aqueous dye-based inks for high quality photorealistic ink jet printing require water-soluble dyes with excellent 
color and high light and water fastness. Typically the dyes are chosen from acid, direct and reactive dyestuffs developed 
for the dyeing of natural fibers such as paper, wool and cotton. Water solubility of these dyes is due to the incorporation 
of negatively charged substituent groups such as sulfo or carboxy. 

[0006] It is well known in the art of color measurement that hue and brightness are among the basic perceptual 
attributes of color. (For a complete description of color measurement refer to "Measuring Color", 2nd Edition by R.W. 
35 g. Hunt, published by Ellis Horwood Ltd., 1991.) Hue is defined as the attribute of a visual sensation according to 
which an area appears to be similar to one, or to proportions of two, of the perceived colors red, yellow, green and 
blue. In terms of the CIELAB color space, hue is mathematically defined by hue angle, /?°, according to 

40 n° = tan~ 1 (fcVa*) Equation 1 

where a* is a measure of how green or red the color is and b* is a measure of how blue or yellow a color is. Brightness 
is defined as the attribute of a visual sensation according to which an area appears to exhibit more or less light. In 
terms of the CIELAB color space, brightness is mathematically defined by chroma, C*, according to 
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C = (a* 2 + b* 2 )" 2 Equation 2 

[0007] For the production of high quality photorealistic images via ink jet printing, ink sets must be able to provide 
printed images having good color characteristics. In particular, it is desirable to have hue angles of 270 for the blue 
record and 339 for the magenta record. It is also desirable to maximize chroma (also referred to as vividness), partic- 
ularly for the red record. 

[0008] U.S. Patent 6,152,969; EP 1 ,063,268; EP 1 ,067,155; WO 00/23440; WO 01/18123; JP 2000-256587 and JP 
2001 -072884 describe magenta anthrapyridone dyes for ink jet printing. However, there is a problem with these dyes 
in that when they are printed with typical yellow dyes, the chroma values of the resulting red records are loo low. 
[0009] It is an object of this invention to provide an ink jet ink set using magenta inks that give good hue when printed. 
It is another object of this invention to provide an ink jet ink set using magenta inks that, when printed with typical yellow 
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inks ; give high chroma values for the resulting red records. It is another object of this invention to provide an ink jet ink 
set using magenta inks with good fastness to light when printed. Another object of the invention is to provide a printing 
method using the above-described ink jet ink set. 

[0010} These and other objects are achieved in accordance with the present invention comprising a color ink jet ink 
set for color printing comprising: 

(a) a yellow ink comprising a carrier and a yellow dye; 

(b) a magenta ink comprising a carrier and a mixture of a water-soluble, magenta anthrapyridone dye and Reactive 
Red 23, Reactive Red 24, Reactive Red 31, Reactive Red 120 f Reactive Red 180, Reactive Red 241, Acid Red 
35, Acid Red 52, Acid Red 249, Acid Red 289, Acid Red 388, Direct Red 227 or CAS No. 153204-88-7; and 

(c) a cyan ink comprising a carrier and a cyan dye. 

[001 1 ] Another embodiment of the invention relates to an ink jet printing method comprising the steps of: 

A) providing an ink jet printer that is responsive to digital data signals; 

B) loading the printer with an ink-receiving element comprising a support having thereon an ink-receiving layer; 

C) loading the printer with the ink jet ink set for color printing as described above; and 

D) printing on the ink-receiving layer using the ink jet ink in response to the digital data signals. 

[0012] Dyes referred to by dye numbers are numbers assigned by The Color Index. 

[0013] Any magenta anthrapyridone dye may be used in the invention, as disclosed, for example, in U.S. Patent 
6.152,969; EP 1 ,063.268; EP 1 ,067,155; WO 00/23440; WO 01/18123; JP 2000-256587 and JP 2001 -072884. Methods 
of preparation of these dyes are disclosed in these references. In a preferred embodiment, the magenta anthrapyridone 
dye is a sulfonic acid or sulfonate derivative of a compound represented by the general formula: 




wherein: 

45 

R 1 represents hydrogen, or a substituted or unsubstituted alkoxycarbonyl, carboxyl, benzoyl, alkyl, aryl, hetaryl, 
alkoxy or phenoxy group; 

R 2 represents hydrogen or a substituted or unsubstituted alkyi, alicyclic, aryl or hetaryl group; 
R 3 represents hydrogen, carboxyl, or a substituted or unsubstituted alkyl, alicyclic, aryl, hetaryl, alkoxy or phenoxy 
50 group; 

each X independently represents hydrogen, halogen, nitro, hydroxyl, carboxyl, or a substituted or unsubstituted 
alkyl, alicyclic, aryl, hetaryl, alkoxy phenoxy, amino, amido or sulfonamido group; and 
n represents 0, 1 , 2 or 3. 



[0014] In a preferred embodiment of the invention, R-, in the above formula is benzoyl. In another preferred embod- 
iment, R 2 is hydrogen. In yet another preferred embodiment, R 3 is a sulfonated phenoxy group. In yet still another 
preferred embodiment, n is 1 and X is a sulfonate group. 

[0015] A preferred magenta anthrapyridone dye which can be used in the invention is sold commercially as JPD 
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Magenta EK-1 Liquid, from Nippon Kayaku Kabushiki Kaisha as an approximately 10% solution in water. 
[001 6] Any cyan dye may be used in the ink jet ink set of the invention described above. In a preferred embodiment, 
the cyan dye is a copper phthalocyanine dye. In another preferred embodiment, the cyan dye is Direct Blue 1 99. Direct 
Blue 307. Direct Blue 86, Acid Blue 9 or mixtures thereof. 

5 [001 7] Any yellow dye may be used in the ink jet ink set of the invention described above. In a preferred embodiment, 
the yellow dye is a yellow azoaniline dye. In another preferred embodiment., the yellow dye is Direct Yellow 132, Direct 
Yellow 107 ; Direct Yellow 86, Direct Yellow 1 73, Acid Yellow 23 and Acid Yellow 17 or mixtures thereof. 
[0018] A black ink containing a black colorant can be used in the ink jet ink set of the invention described above to 
further increase the available color gamut. Black colorants which can be used include Reactive Black 31 , Direct Black 

10 19 : Direct Black 154, Direct Black 168, Food Black 2, Fast Black 2, Solubilized Sulfur Black 1 (Duasyn® Black SU-SF) 
or a black pigment. 

[001 9] The following commercially available magenta dyes can be used for the dye mixture employed in this invention: 

A. Magenta dye, CAS No. 224628-70-0 ; sold as JPD Magenta EK-1 Liquid from Nippon Kayaku KK as a 10% 
solution in water. 

B. Reactive Red 23, sold as Duasyn© Red 3B-SF from Clariant Corp. as a solid. 

C. Reactive Red 24, sold as Basacid® Red 495 Liquid from BASF Corp. 

D. Reactive Red 31, sold as Reactive Red 31 Na Solution from Sensient Colors, LLC as a 10% solution in water. 

E. Reactive Red 120, sold as Basacid® Red NB 510 Liquid from BASF Corp. 

20 F. Reactive Red 180, sold as Duasyn® F3B-SF Liquid from Clariant Corp. as a 10% solution in water. 

G. Reactive Red 241 f sold as Intrajet® Magenta VER from Crompton & Knowles Colors, Inc. 

H. Acid Red 35, sold as Acid Fast Red 3B No. 855D from City Chemical, LLC as a solid. 

I. Acid Red 52, sold as Acid Red 52 Na Solution from Sensient Colors, LLC as a 10% solution in water. 

J. Acid Red 249, sold as Acid Rod 249 Na Solution from Sensient Colors, LLC as a 10% solution in water. 
25 K. Acid Red 289, sold as Acid Red 289 from Warner- Jenkinson Co. as a 10% solution in water. 

L. Acid Red 388, sold as Acid Red 388 Na Solution from Sensient Colors, LLC as a 10% solution in water. 
M. Direct Red 227, sold as Aizen® Direct Red 227 from Hodogaya Chemical Co. as a solid. 
N. Magenta dye : CAS No. 153204-88-7, sold as Intrajet® Magenta KRP from Crompton and Knowles Colors. Inc. 
as a 10% solution in water. 

30 

[0020] The following commercially available cyan dyes can be used in combination with the dye mixture employed 
in this invention: 

O. Direct Blue 199, sold as Direct Blue 199 Na Solution from Sensient Colors LLC 
35 p. Direct Blue 307, sold as ProJet® Cyan 2 Liquid from Avecia Corp. as a 6% solution in water. 

[0021] The following commercially available yellow dyes can be used in combination with the dye mixture employed 
in this invention: 

40 q. Direct Yellow 132, available as ProJet® Yellow 1G from Avecia Corp. as a 7.5% solution in water. 

R. Direct Yellow 1 07, available as Intrajet® Yellow DG from Crompton and Knowles Colors, Inc. as a 1 0% solution 
in water. 

S. Direct Yellow 86, available as Direct Yellow 86 Na Solution from Sensient Technical Colors, LLC as a 10% 
solution in water. 

^5 T Direct Yellow 173, available as ProJet® Past Yellow 2 from Avecia Corp. 

U. Acid Yellow 23, available from Sensient Technical Colors, LLC as a 10% solution in water. 
V. Acid Yellow 17, available from Sensient Technical Colors, LLC as a 10% solution in water. 

[0022] The following commercially available black colorants can be used in combination with the dye mixture ern- 
50 ployed in this invention: 

W. Reactive Black 31 , available as Duasyn® Black KRL-SF from Clariant Corp. as a 10% solution in water. 
X. Direct Black 168, available as Duasyn® Black HEF-SF from Clariant Corp. as a 10% solution in water. 
Y. Solubilized Sulfur Black 1 , available as Duasyn® Black SU-SF from Clariant Corp. as a 10% solution in water. 
55 z. Direct Black 19, available as Keyamine® Black G Pure Liquid from Keystone Corp. as a 1 0% solution in water. 

[0023] In general, the above dyes comprise from 0.2 to 10%, preferably from 1 to 5% by weight of each ink jet ink 
composition. For the magenta ink composition, the dye mixture comprises from 70 to 99%, preferably from 80 to 90%, 
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by weight of said water-soluble, magenta anthrapyrtdone dye. 

[0024] In yet still another preferred embodiment of the invention, additional inks of a "light" cyan ink or 'light" magenta 
ink, which is the same cyan and magenta dyes in (c) and (b) above, except that they are employed at a concentration 
of 5% to 50% of the amount of the cyan and magenta dyes. 

[0025] A humectant is usually employed in the ink jet composition of the invention to help prevent the ink from drying 
out or crusting in the orifices of the printhead. Examples of humectants which can be used include polyhydric alcohols, 
such as ethylene glycol, diethylene glycol(DEG), triethylene glycol, propylene glycol, tetraethylene glycol, polyethylene 
glycol, glycerol 2-methyl-2,4-pentanediol, 2-ethyl-2-hydroxymethyl-1 ,3-propanediol(EHMP), 1 : 5 pentanediol 1 ,2-hex- 
anediol, 1 ,2,6-hexanetriol and thioglycol; lower alkyt mono- or di-ethers derived from alkyiene glycols, such as ethylene 
glycol mono-methyl or mono-ethyl ether, diethylene glycol mono-methyl or mono-ethyl ether, propylene glycol mono- 
methyl or mono-ethyl ether, triethylene glycol mono-methyl, mono-ethyl or mono-butyl ether (TEGMBE), diethylene 
glycol di-methyl or di-ethyl ether, poly(ethylene glycol) monobutyl ether (PEGMBE), and diethylene glycol 
monobutylether(DEGMBE); nitrogen-containing compounds, such as urea, 2-pyrrolidinone, N-methyl-2-pyrroIidinone. 
and 1 ,3-dimethyl-2-imidazolidinone; and sulfur-containing compounds such as dimethyl sulfoxide and tetramethylene 
15 sulfone. 

[0026] Preferred humectants for the ink jet ink composition of the invention include DEG. glycerol, DEGMBE. 
TEGMBE, 1,2-hexanediol, 1 ,5-pentanediol urea, 2-pyrro!idinone, EHMP and mixtures thereof. The humectant may 
be employed in each ink in an amount of from 5 to 60 weight percent. 

[0027] Waler-miscible organic solvents may also be added to the ink jet ink composition of the invention to help the 
ink penetrate the receiving substrate, especially when the substrate is a highly sized paper. Examples of such solvents 
include alcohols, such as methyl alcohol, ethyl alcohol, n-propyl alcohol isopropyl alcohol, n-butyl alcohol, sec-butyl 
alcohol, t-butyl alcohol, iso-butyl alcohol, furfuryl alcohol, and tetrahydrofurfuryl alcohol; ketones or ketoalcohols such 
as acetone, methyl ethyl ketone and diacetone alcohol; ethers, such as tetrahydrofuran and dioxane; and esters, such 
as, ethyl lactate, ethylene carbonate and propylene carbonate. 
25 [0028] The amount of aqueous carrier employed in the invention is in the range of approximately 70 to 98 weight %. 
preferably approximately 90 to 98 weight %, based on the total weight of the ink. A mixture of water and a polyhydric 
alcohol, such as diethylene glycol is useful as an aqueous carrier. In a preferred embodiment, the inks contain from 
5 to 60 weight % of water miscible organic solvent. Percentages are based on the total weight of the aqueous carrier. 
[0029] Surfactants may be added to the ink to adjust the surface tension to an appropriate level The surfactants 
30 may be anionic, cationic, amphoteric or nonionic and used at levels of 0.01 to 1% of the ink composition. Preferred 
surfactants include SurfynoKE) 465 (available from Air Products Corp.) and Tergitol® 15-S-5 (available from Union Car- 
bide). 

[0030] A biocide -may be added to the ink composition employed in the invention to suppress the growth of microor- 
ganisms such as molds, fungi, etc. in aqueous inks. A preferred biocide for the ink composition employed in the present 

35 invention is Proxel® GXL (Avecia Corp.) at a final concentration of 0.0001 -0.5 wt.%. 

[0031] The pH of the aqueous ink compositions employed in the invention may be adjusted by the addition of organic 
or inorganic acids or bases. Useful inks may have a preferred pH of from 2 to 1 0, depending upon the type of dye being 
used. Typical inorganic acids include hydrochloric, phosphoric and sulfuric acids. Typical organic acids include meth- 
anesulfonic, acetic and lactic acids. Typical inorganic bases include alkali metal hydroxides and carbonates. Typical 

40 organic bases include ammonia, triethanolamine and tetramethylethlenediamine. 

[0032] A typical ink composition employed in the invention may comprise, for example, the following components by 
weight: colorant (0.05-20%), water (20-95%), a humectant (5-70%), water miscible co-solvents (2-20%), surfactant 
(0.1-10%), biocide (0.05-5%) and pH control agents (0.1-10%). 

[0033] Additional additives which may optionally be present in the ink jet ink compositions employed in the invention 
include thickeners, conductivity enhancing agents, anti-kogation agents, drying agents, anti-corrosion agents, and 
defoamers. 

[0034] The ink jet ink set provided by this invention may be employed in ink jet printing wherein liquid ink drops are 
applied in a controlled fashion to an ink receptive layer substrate, by ejecting ink droplets from a plurality of nozzles 
or orifices of the print head of an ink jet printer. 

[0035] Commercially available ink jet printers use several different schemes to control the deposition of the ink drop- 
lets. Such schemes are generally of two types: continuous stream and drop-on-demand. 
[0036] In drop-on-demand systems, a droplet of ink is ejected from an orifice directly to a position on the ink receptive 
layer by pressure created by, for example, a piezoelectric device, an acoustic device, or a thermal process, controlled 
in accordance digital data signals. An ink droplet is not generated and ejected through the orifices of the print head 
55 unless it is needed. Inkjet printing methods, and related printers, are commercially available and need not be described 
in detail. 

[0037] The ink jet ink set of the present invention can be used in any of the popular ink jet printing systems, including 
thermal or piezoelectric drop-on-demand printers and continuous ink jet printers. Of course, the specific ink formulations 
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will vary depending upon the type of ink jet printing system. 

[0038] Ink-receptive substrates useful in ink jet printing are well known to those skilled in the art. Representative 
examples of such substrates are disclosed in U.S. Patents 5,605,750; 5.723.211: and 5,789,070 and EP 813 978 A1 . 
[0039] The following example illustrates the utility of the present invention. 

5 

Example 1 
Magenta Inks 
10 Ink 1 of the Invention 

[0040] Ink 1 of the invention was prepared using Dye A described above at 3.6 weight % of the ink composition, Dye 
B at 0.84 weight % of the ink composition, glycerol at 11.5 wt%. diethylene glycol at 11.5 wt.%, Methylene glycol 
monobutyl ether at 7.5 wt.%, triethanolamine at 0.9 wt.% and the balance water. 

15 

Ink 2 of the Invention 

[0041] This ink was prepared the same as Ink 1 except that instead of Dye B, Dye C was employed at 0.88 wt.% of 
the ink. The amount of Dye C was varied in order to maintain a ratio of 3 to 1 for the absorbance of Dye A relative to 
20 the absorbance of Dye C. 

Ink 3 of the Invention 

[0042] Ink 3 was prepared the same as Ink 1 except that Dye D was used instead of Dye B at 0.64 wt.%. 

25 

Ink 4 of the Invention 

[0043] Ink 4 was prepared the same as Ink 1 except that Dye E was used instead of Dye B at 0.53 wt.%. 
30 Ink 5 of the Invention 

[0044] Ink 5 was prepared the same as Ink 1 except that Dye F was used instead of Dye B at 0.75 wt.%. 
Ink 6 of the Invention 

35 

[0045] Ink 6 was prepared the same as Ink 1 except that Dye G was used instead of Dye B at 0.58 wt.%. 
Ink 7 of the Invention 

40 [0046] Ink 7 was prepared the same as Ink 1 except that Dye H was used instead of Dye B at 0.88 wt.%. 
Ink 8 of the Invention 

[0047] Ink 8 was prepared the same as Ink 1 except that Dye I was used instead of Dye B at 0.1 6 wt.%. 

45 

Ink 9 of the Invention 

[0048] ink 9 was prepared the same as Ink 1 except that Dye J was used instead of Dye B at 0.75 wt.%, 
50 Ink 10 of the Invention 

[0049] Ink 1 0 was prepared the same as Ink 1 except that Dye K was used instead of Dye B at 0. 1 8 wt.%. 
Ink 11 of the Invention 

55 

[0050] Ink 11 was prepared the same as Ink 1 except that Dye L was used instead of Dye B at 0.18 wt.%. 
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ink 12 of the Invention 

[0051] Ink 12 was prepared the same as Ink 1 except that Dye M was used instead of Dye B at 0.76 wt.%. 
5 Ink 13 of the Invention 

[0052] Ink 13 was prepared the same as Ink 1 except that Dye N was used instead of Dye B at 0.55 wt.%. 
Comparative Ink C-1 

10 

[0053] Ink C-1 was prepared the same as Ink 1 except that Dye A was used at 4.8 wt.% and no Dye B was used. 
Comparative Ink C-2 

'5 [0054] Ink C-2 was prepared the same as Ink C-1 except that no Dye A was used and Dye B was used at 3.34 wt.%. 
Comparative Ink C-3 

[0055] Ink C-3 was prepared the same as Ink C-1 except thai no Dye A was used and Dye C was used at 3 5 wt % 

20 

Comparative Ink C-4 

[0056] Ink C-4 was prepared the same as Ink C-1 except that no Dye A was used and Dye D was used at 2.57 wt.%. 
25 Comparative Ink C-5 

[0057] Ink C-5 was prepared the same as Ink C- 1 except that no Dye A was used and Dye H was used at 3.5 wt.%. 
Comparative Ink C-6 

30 

[0058] Ink C-6 was prepared the same as Ink 1 except that Dye AA (see below) was used at 0.14 wt.% instead of 
Dye B. 

[0059] AA: Magenta dye with CAS No. 224628-70-0 : sold as Lightfast Magenta 1 from Eastman Kodak Co. as a 5% 
solution in water 

35 

Comparative Ink C-7 

[0060] Ink C-7 was prepared the same as Ink 1 except that Dye BB (see below) was used at 0.75 wt.% instead of 
Dye B. 

40 [0061] BB: Direct Red 75 : sold as Bayscript® Magenta LFB from Bayer Corp. as a 1 0% solution in water 
Cyan Ink 

[0062] A cyan ink was prepared using Dye O described above at 3.5 wt.% of the ink composition, glycerol at 25.0 
<5 wt.%, triethylene glycol monobutyl ether at 7.0 wt.%, triethanolamine to adjust the pH to 8.0 and the balance water. 

Yellow Ink 

[0063] A yellow ink was prepared using Dye Q described above at 4.0 wt.% of the ink composition, glycerol at 1 9.0 
50 wt.%, diethylene glycol at 3.0 wt.% : triethylene glycol monobutyl ether at 9.5 wt.%, triethanolamine at 0.9 wt.% and 
the balance water. 

Printing 

55 [0064] The above inks were filtered through a 0.2 jam polytetrafluoroethylene filter, degassed using ultrasonic treat- 
ment with an applied vacuum of 559 mm of mercury and placed in a clean empty cartridge used for printing with a 
Mutoh 4100 ink jet printer. Inks 1-13 of the invention and the comparative Inks C-1 - C-7 were each printed in combi- 
nation with the cyan and yellow inks using a Mutoh 41 00 ink jet printer without color correction at 283 dots per centimeter 
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(720 dpi) bi-directional printing, with "microdot on" setting giving a droplet si7e of 17 picoliters 

[0065] A test image consisting of cyan, magenta, yellow, red, green and blue variable density patches, approximately 
7 by 7 mm in size, at 10, 25, 40, 50, 75 and 100% coverage was printed onto Konica QP Photo Quality Ink Jet Paper. 

5 Evaluation Of Test Images - Hue Angle And Chroma Values 

[0066] For each of the test images, the CIELAB parameters a* and b* were determined for all patches using meas- 
urement conditions of D5000 illumination, 2 ° observer angle, and no filter. Status A green density was also measured 
for the red, magenta and blue patches. If patches with densities of 1 .0 did not exist, interpolation between patches with 
10 higher and lower densities was carried out to determine values of a* and b* at 1 .0 Status A green density. 

[0067] Hue angles for the magenta records were calculated according to Equation 1 above. Values between 336° 
and 342° are acceptable for ideal magenta hues. 

[0068] Chroma values for the red, magenta and blue records were calculated according to Equation 2 above. For 
each of the invention Inks 1 -13, the change in chroma values, AC*, relative to the values for comparative Ink C-1 were 
is calculated. An increase in red chroma values for the invention inks relative to Ink C-1 is desirable (positive AC* values). 
For the magenta and blue records, AC* values greater than about -2.5 are acceptable. The results are tabulated in 
Table 1 . The data for C-2 through C-5 (single dyes only) are also given in the Table for comparative purposes. 

Evaluation Of Test Images - Lightfastness 

20 

[0069] Each of the test images were laminated with Kodak Professional Pro Luster Laminate and subjected to light 
fade under 50 kLux high-intensity daylight irradiation and 50% relative humidity for one week. The red, magenta and 
blue Status A densities were measured before and after treatment, and the percent dye loss was calculated for those 
patches with an initial Status A green density of 1 .0. Numbers less than 15% are desirable. The results arc tabulated 
25 in Table 1 . 



Table 1 





Ink 




Hue Angle, At°(°) 


Chroma, C* 


AC* 


Light Fade (% Dye Loss) 


30 


C-1 


red 
magenta 
blue 


339.3 


77.2 
71.5 
60.5 




4 


35 


C-2 


red 
magenta 
blue 


345.7 


79.6 
62.7 
53.2 




10 


40 


C-3 


red 
magenta 
blue 


357.4 


74.0 
65.3 
44.5 




5 


C-4 


red 
magenta 
blue 


339.0 


80.0 
70.6 
58.9 




23 


45 


C-5 


red 
magenta 
blue 


347.6 


81.0 
70.3 
56.7 




36 


50 


C-6 


red 
magenta 
blue 


344.0 


76.7 
66.6 
46.9 


- 0.5 
-4.9 
- 13.6 


11 




C-7 


red 
magenta 
blue 


341.9 


79.7 
66.8 
55.4 


+ 2.5 
-4.7 
-5.1 


15 


55 


1 


red 
magenta 
blue 


341.0 


89.6 
69.3 
60.1 


+ 12.4 
-2.2 
-0.4 


8 



8 
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Tabic 1 (continued) 



Ink 




Hue Angle. h° (°) 


Chroma, C 


AC 


Light Fade (% Dye Loss) 


2 


red 




83.5 


+ 6.3 






magenta 


340.5 


70.7 


- 0.8 


4 




blue 




59.3 


- 1.2 




3 


red 




78.0 


+ 0.8 






magenta 


338.9 


72.5 


+ 1.0 


13 




blue 




60.7 


+ 0.2 




4 


red 




79.6 


+ 2.4 






magenta 


341.6 


70.7 


- 0.8 


8 




blue 




59.1 


- 1.4 




5 


red 




82.5 


+ 5.3 






magenta 


341.2 


69.4 


-2.4 


9 




blue 




58.7 


- 1.8 




6 


red 




83.7 


+ 6.5 






magenta 


339.5 


71.1 


- 0.4 


8 




blue 




60.0 


- 0.5 




7 


red 




81.9 


+ 4.7 






magenta 


340.8 


71.6 


+ 0.1 


12 




blue 




60.8 


+ 0.3 




8 


red 




81.0 


+ 3.8 






magenta 


337.9 


73.9 


+ 2.4 


6 




blue 




61.3 


+ 0.8 




9 


red 




82.1 


+ 4.9 






magenta 


340.7 


70.9 


-0.6 


10 




blue 




59.4 


- 1.1 




10 


red 




88.5 


+ 11.3 






magenta 


338.9 


70.7 


- 0.8 


6 




blue 




61.2 


+ 0.7 




11 


red 




85.7 


+ 8.5 






magenta 


338.8 


74.5 


+ 3.0 


4 




blue 




61.9 


+ 1.4 




12 


red 




88.2 


+ 11.0 






magenta 


340.6 


70.1 


- 1.4 


14 




blue 




60.2 


- 0.3 




13 


red 




85.0 


+ 4.8 






magenta 


339.4 


71.5 


0.0 


8 




blue 




60.0 


-0.5 





50 



55 



[0070] The above results show that the ink jet ink set of the invention containing a magenta dye mixture yields reds 
with higher chroma as compared to ink sets with magenta inks containing only an anthrapyridone dye or other single 
dyes. The above results also show that the ink jet ink set of the invention containing a magenta dye mixture provides 
desirable magenta hue and acceptable light fastness. 

Example 2 

Preparation of Ink Jet Recording Element A 

[0071] An ink jet recording element was prepared as follows: 
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[0072] A coating solution for a base layer was prepared by combining fumed alumina (Cab-O-Sperse® PG003 ; Cabot 
Corp.), polyvinyl alcohol) (Gohsenol® GH-23A, Nippon Gohsei Co., Ltd.) and 2,3-dihydroxy-1 ,4-dioxane (Clariant 
Corp.) in a ratio of 88:10:2 to give an aqueous coating formulation of 30% solids by weight. 

[0073] A coating solution for an image-receiving layer was prepared by combining fumed alumina (Cab-O-Sperse® 
5 PG003, Cabot Corp.), polyvinyl alcohol) (Gohsenol® GH-23A, Nippon Gohsei Co.) and a copolymer of (vinylbenzyl) 
trimethylammonium chloride and divinylbenzene (87:13 molar ratio) in a ratio of 85:3:12 to give an aqueous coating 
formulation of 10% solids by weight. The fumed alumina particles have a primary particle size of from 7 to 40 nm in 
diameter and are aggregated up to 150 nm. Surfactants ZonyKg) FSN (E. t. du Pont de Nemours and Co.) and Olin® 
10G (Dixie Chemical Co.) were added in small amounts as coating aids. 
10 [0074] The above coating solutions were simultaneously bead-coated at 40 °C on polyethylene-coated paper base 
which had been previously subjected to a corona discharge treatment. The image- receiving layer was coated on top 
of the base layer. The coating was then dried at 60 ° C by forced air to yield a two-layer recording element in which 
the thicknesses of the bottom and topmost layers were 40 u.rn (43 g/m 2 ) and 2 urn (2.2 g/m 2 ), respectively. 
[0075] The ink sets described below were printed onto Ink Jet Recording Element A using the same procedure as 
described in Example 1 . The elements were then tested as in Example 1 with the following results: 



Table 2 



20 



25 



30 



Ink 




Hue Angle, n° (°) 


Chroma, C* 


AC* 


C-1 


red 




71.1 






magenta 


342.7 


68.0 






blue 




47.2 




C-7 


red 




70.2 


-0.9 




magenta 


346.2 


62.4 


-5.6 




blue 




42.8 


-4.4 


3 


red 




71.3 


+0.2 




magenta 


343.3 


68.4 


+0.4 




blue 




47.4 


+0.2 


5 


red 




75.8 


+4.7 




magenta 


344.4 


68.2 


+0.2 




blue 




48.8 


+1.6 



35 [0076] The above results show that the ink jet ink set of the invention containing a magenta dye mixture yields reds 
with higher chroma as compared to ink sets with magenta inks containing only an anthrapyridone dye or a mixture of 
an anthrapyridone dye with another comparative dye. The above results also show that the ink jet ink set of the invention 
containing a magenta dye mixture provides desirable magenta hue. 

40 

Claims 

1 . A color ink jet ink set for color printing comprising: 

4 5 (a) a yellow ink comprising a carrier and a yellow dye; 

(b) a magenta ink comprising a carrier and a mixture of a waler-soluble. magenta anthrapyridone dye and 
Reactive Red 23, Reactive Red 24, Reactive Red 31, Reactive Red 120, Reactive Red 180, Reactive Red 
241, Acid Red 35, Acid Red 52, Acid Red 249, Acid Red 289, Acid Red 388, Direct Red 227 or CAS No. 
153204-88-7; and 

50 (c) a cyan ink comprising a carrier and a cyan dye. 

2. The ink jet ink set of Claim 1 wherein said water-soluble, magenta anthrapyridone dye is a sulfonic acid or sulfonate 
derivative of a compound represented by the general formula: 



10 



BNSDOCID: <EP _1281736A1J„> 



EP 1 281 736 A1 



10 



15 




wherein: 



20 



25 



R 1 represents hydrogen, or a substituted or unsubstituted alkoxycarbonyl, carboxyl, benzoyl, aikyl, aryl, het- 
aryl, alkoxy or phenoxy group; 

R 2 represents hydrogen or a substituted or unsubstituted aikyl, alicyclic, aryl or hetaryl group; 

R 3 represents hydrogen, carboxyl, or a substituted or unsubstituted alkyl, alicyclic, aryl, hetaryl, alkoxy or 

phenoxy group; 

each X independently represents hydrogen, halogen , nitro, hydroxy!, carboxyl. or a substituted or unsubstituted 
alkyl, alicyclic, aryl, hetaryl, alkoxy, phenoxy, amino, amido or sulfonamido group; and 
n represents 0,1,2 or 3. 



30 



3. The ink jet ink set of Claim 2 wherein R n is benzoyl, R 2 is hydrogen, R 3 is a sulfonated phenoxy group, n is 1 and 
X is a sulfonate group 



The ink jet ink set of Claim 1 wherein said magenta ink comprises a mixture of a water-soluble, magenta anthrapy- 
ridone dye and Reactive Red31. 
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The ink jet ink set of Claim 1 wherein said magenta ink comprises a mixture of a water-soluble, magenta anthrapy- 
ridone dye and Reactive Red 120. 
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6. The ink jet ink set of Claim 1 wherein said magenta ink comprises a mixture of a water-soluble, magenta anthrapy- 
ridone dye and Reactive Red 24. 

7. The inkjet ink set of Claim 1 wherein said magenta ink comprises a mixture of a water-soluble, magenta anthrapy- 
ridone dye and Acid Red 289. 



45 



8. The ink jet ink set of Claim 1 wherein said magenta ink comprises a mixture of a water-soluble, magenta anthrapy- 
ridone dye and Acid Red 388. 



9. The ink jel ink set of Claim 1 wherein said magenta ink comprises a mixture of a water-soluble, magenta anthrapy- 
ridone dye and Direct Red 227. 

50 10. An ink jet printing method comprising the steps of: 



55 



A) providing an ink jet printer that is responsive to digital data signals; 

B) loading the printer with an ink-receiving element comprising a support having thereon an ink-receiving layer; 

C) loading the printer with the ink jet ink set for color printing of Claim 1 ; and 

D) printing on the ink-receiving layer using the ink jet ink in response to the digital data signals. 
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